SIR2: the biochemical mechanism of NAD(+)-dependent protein deacetylation and ADP-ribosyl enzyme intermediates.
The Sir2 family of enzymes is a recently described class of NAD(+)-dependent protein deacetylases that use NAD+ as a reactant to deacetylate acetyllysine residues of protein substrates to form the aminolysine sidechain and a novel product 2'-O-acetyl-ADP-ribose. The founding member of the Sir2 proteins, the yeast Sir2p, has been identified as a key member of SIR complexes responsible for the long-term silencing of genes in the yeast Saccharomyces cerevisiae. Increase of Sir2 activity by caloric restriction or osmotic stress increases genome stability and lifespan in this organism. The Sir2 reaction mechanism couples ADP-ribosyltransfer and hydrolysis reactions via the formation of a stabilized ADPR-peptidyl intermediate. Principles of the chemistry of stabilized ADPR intermediates are examined for Sir2 and the mechanistically related ADP-ribosylcyclase CD38. An examination of the crystal structures of Sir2 family members is presented with a view to the chemical requirements of the Sir2 reaction. The present review describes the current knowledge of the Sir2 reaction, the reaction mechanism and the regulation of Sir2.